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TESTS OF FOUR FULL-SCALE PROPELIIRS TO CLTZRMING
THE RFPECT OF TRAILIVG-EDCE ZATENSIONS ON
PHCPLTIER AEPODYHNAMIC CHARACTERISTTICS

By Julian D. Nsyns>d and Albert J. Fvans

Tests of Tour, 10-foot dlameter, two-blade propellers
have becn rade 1rn the Tanpiey L0-Tont hldhi-specd tunnel to
detarmine the effezic of tralling-edge extensionc on pro-
peller asrodynamic charscterlstics. Twe of the proncllers
.ad 20-percent wrtencione; one with a caumtered-type, end
the othor with a straiznt-typs of s<bension. Ancther pro-
peiler had = y0-perszent sxtensicn »f thz ctraight type,

and the choaraeteristles of those veopellers are compared
with the charascteristics ot a prepelier with no tralling-
€dge extencion, This propeller with ro traillng-edge
cxtonsicn, whiell was uscd as a bagis of conpartson, ned
lé-serlies blads sechions ara was similisr to tine

NACA deslgn 10-3C0-03R except the bacic doslgn 11ft
ccetTicient was chanpged Irom 0.5 to 0.5, The effeci of
veriove angles of extension on prep:ller characteristics
was nct investissetzd, bat a calewlaticon of ths theorctical
vressure distribuvtione Indicates that the extension should
be designed to prevent much reductlion in critical speed of
the blade szectlions for the dezign condition.

The propellers wers tecsted cn a EOOQ—horsepgwer
Cynamowebsr ab blade anglus of 2C°, 259, %00, 250 ] o0,

i59, 50°, and 559 4t the uhres-ouaricr. pecins. A oon
stant rotationnl speed was used for each test, and the
tumel alrspeed was varied from 60 to 60 miles per hour.
The resulis are renresentative of Full-scale czonstant-
spsed mropeller op2rction st nelieal tip Mech numbers
telow tn~ critical.
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Tre use of an extended tralling edge on a propeller
blade was found to ve a very affective means of increasing
the power abeorhed by the propeller with 1little loss in
sfficlency. Stralght-type tralling-edge extensions of 20
arnd L0 percent {angle ¥ extension = 6.5° at the
0.7 radius) increassd the power coefficient for max imum
efficiency cn amount almost equal to the percent extension
at an advance ratio of 1.0. AL velues of advance ratio
creater than 1.0 the increase 1in power coefficient becomes
emallcr; and at values less than 1.0, or in the teke-off
range, the percent fnerease in power coefficlent is
greater than the percent extension.

A& 20-percent cambered type of extension lacreased
the power coefficient for maximum efficlsncy considerably
more than a 20-percent straight type of extenslon over
the renge of advance ratio from 1.C to 2.5. However, the
propeiler with the 20-percent cambered type of extension
was frem 1 to 3 percent leas sfficient than the propeller
with the 20-percent stralzut Type of extension over this
ranze of advance ratio.

ed on egual power absorptlion and constant rota-
tional spesed, the efficiency of the propelliers with
tralling~-cdpe sxtenslons was about the same or peérhaps
greater than the efficlenny of the nropeller without an
extension for a crulsing or a high-speed condition of
cperation at a high power coefficlent.

INTRODUCTION

The advantages of wollow-steel constructlon for pro-
pcller blades are becoming generally recognized, and the
present trend toward that type of construction is deflnite.
Because the cost of tcollng for a hollow-cteel blade
desi;m 1s very great, a comsidersble saving of both engl-
reering time and manufacturings cost can be effected 1if
the serodynamic design of propcllers with .ollov-steel
tlades can be made more flexible by the use of extended
trailing edges. Design flexibility can be obtalned in
two respects: [rirst, the extonded trailing edges provide
a dirvect means for increasing propellier solidlty and
thercfore ability to utilize engine power; and second,
the arngular deflection of the extensions cean be varied
along the blade with the result that the effective pltch
distribution may be made an optlimum for any desired

4
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operating condition. By the addition of extended trailing
edges to an cxisting blade design, only one set ¢f manu-
facturing tools is necessary tvo produce propellers which
can be made to meet a great variety of design operating
conditions.

4 theoretlcel analysis has been made 1in rcterence 1
wnich shows that the addition of s trailing-edge extension
changes the section airfoll characteristics 0y &n amount
dependent upon the length and angle of extension. The
analysis presents a method of evaluating thess changes in
airfoil characteristics, and the method of reference 1 is
apnlied in reference 2 to trie caleulation of propsller
characteristics. Also, In reference 2 the elfect of
varying the angle of extenslon along the propaller redius
to shift mere of the load toward the tin was investigated.

The tests present d hers werse made at the request of
the Air Technical Service Comuard of the Army L£lr Forces
to determine experimentally the effect of trafiiing-edge
excenslons on the nerodynamiz characteristics of four,
full-scale, two-blade propellers. The blades differed in
the amount of trailing-ecdge extension and also in Lhe type
of ¢cxtended sirip., Rotational spesde of 1500, 13900,
and 1000 rpm were used at airspesds ranging Srem 50
to L0 miles per hour, and the resulting range of advance
ratio was representstive of corventional propeller
operation.

APFARATUS

Propeller dynamemeter.- 4 2000-horsepower propeller
dyramoweter, still in the development stags, was used to
test the propellers in the Langley 16-foot high-speed
tunnel. The dynamornetcr is powered by two 1000-horsepower
electric motors arranged 1n tandenm and ceupled together
for the present tects so that the pewer ¢f Doth motors
could be expended through a single propeller. A varlable-
frequeney power supply affords an esccurate speed control
from 300 to 2100 rpm with a permissible overspeed of
2280 rpm. The motors are supporsed in a housing in such
& way that their cesings are {ree to rotate and also free
to move axially with their shafts. The exial and rota-

lonal mevement s rest: ained LY preumatic pressurs
capsules which mensure thrust and torque., Thrust prss-
sure is indicated as thrust forcc by mcans of pneumatic
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Emery scales, and torgus pressure as torque by means of
1iquid manometers. The dyramometer 1is calibrated with
the propeller shaft rctating by applying known thrusts
and torqucs and noting the corresponding readings on the
thrust seales and torque manometers. Both measurements
give straight-line calibrations. A mere detalled descrip-
tion of the dynamometer 1is glven in reference 3. Fig-
ures 1 and 2 are vhotographs of the dynamometer mounted
in the tezt section of the tunnel, and flgure 3 1s a
sketch showing principal dimenslons of the fairing and
spinner. The shape of the spinner and forebody is such
as to produce almost unlform axial flcw at free-stream
veloclty in the plane of the propeller. Pressure ori-
fires are located radially between the statlonary fairing
and the propeller spinner to afford a correction for any
change in spinner-fairing juncture pressure due to the
propeller cperation.

Propeller blades.- Theé two-blade Curtiss propellers
tested wore 10 feet in dlameter and will be designated
in this report by thelr Curtlss design numbers, 10937,
109376, 109373, and 109376~modified. The blade-form
curves for these designs are shown in figure i, and
figare 5 shows the blade section and theoretical pres-
aure Alstribution at the 0.7 radlus for each design.

The theoretical pressure distributions were computed for
e 1ift coefficient of 0.5 by the method described 1in
reforence li. The angle of attack (shown in fig. 5)
corresponding to this Z1ift coafficient 1s different for
each blade design and glves sSome indication of changes
in airfoll charascteristics caused 0¥ the trailing-edge
extencion. The effect of the angle of extenslon and
length of extsnsion on the characteristics of a propeller
blade secticn are discussed 1n references 1l and 2. Flig-
ure 5 shows that no serious precsure peaks are indicated
for the four propeller deslgns tested. Photograghs of
the blades are shown in figures 6 to 13, inclusive.

Propeller 10937 with no tralling-edge extension
was used as a basis of comparilson. The blades of this
propeller have the same plen forn, thlckness distribution,
and shank design as NACA blade deslgn 10-308-03R except
thes basic design 1ift cosfficient has been changed
from 0.3 to 0.5. Tae dlglts of the MNACA blade deslgn
rumher have the following sligniflcance: the first two
digits represent the propcller dilameter in feet, the
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third diglt 1s ten times the basic design 1ift coeffi-
clent, the remaining digits in the second group are the
thickness ratio in percent ot the 0.7 radivs, and the
digits in the third group represent tre sollidity per

tlade at the 0.7 radius. The letter R 1ndicates a

blade with a conventional round shan. The NACA 16-series
blade sections were uced and the propeller was designed to
have the "Goldstein" winimum Induced-energy-loss loading
when operating at a blade angle of L5° at the 0.7 radius
and an advencs ratio of 2.1.

Iropeller 109376 is the same as 10937 except a
tralling-edge strip on the blades Inereases the chords
to 140 percent of the chords on tha 10937, blades. This
traliing-edge strin was Fformed around straight-line
eéxtensions to the mesn camber lines wrich were set up in
the fcllowing manner: on the layouts for the 10937 blade
sectlons stralpht lines were nassed through the mean
camber lines at 50 percent of the basic chords and the
center of the trailing-edpe radii, and these lines were
externded to Interssect lines erected perpendicular to the
chord lines at 140 percent of the bastic cherds. Trailing-
edge radli of 0.01 inch wecre then drawn with their centers
on these intersections. Through the centers of these
radil and tangent to the baslc mean camber lines, straight
lines were drawn which are the extensions to the mean
camber lines referred to above. From tne tralling edge
of the pasic blade section to the trailing edge of tre
strip the profiles are straight and were faired inio the
basic profiles at the 90-percent-chord station. This was
the crlginal design which was later changed. Calculation
of the theorstical pressure distribution for the original
design (fip. 5) showed that to attaln a 1ift coefflcient
of 0,5 it would be necesseary f'or a section at the
0.7 radius to operate ab an angle of attack of £.240.
This increase in angle of attack caused a pressurs peak
at the nose of the section with a consequent decrzase in
critical speed. TFor this reason the trailing-edgs strip
was changed by increasing the angle between the mean
camber line extension and the basic chord line (which
varied from 3°27' to LO0' as originally cet up) by 32°
for all sections along the radius, and by increasing the
trailing-edge radius on the strip to 0.02 inch. For tais
final design the angle »f attack at the 0.7 radius corre-
sponding to a 1ift cos/ficlient of 0.5 was 1.28°, ana the
theoretical precsure distribution showed a falrly uniform
1lift load over most of the section. The angle of exten-
sion, which 1s defined as the ucute angle between the
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extension and a straight line joinlng the extremities of
the mean camber line of the original airfoil sectlion
(chord line for tbhis gection), was 6.5° at the 0.7 radius
for the final design. Only ths final design (109376) was
manufacturcd and tested for thls Investigatlon.

sropsller 109373 had cherd lengthe 120 percent of
the chords on tho 109774 blades, the additicnal 20 percent
forming a carbered type of extension. The mean camber
lines feor these wider sections were calculated and laid
out for a 1ift coefficient of 0.5. Then the thickness
distribution which would be cbtalined or a vlade with a
20-percent tralling-edge extension set up like the
original 109375 design was laid around this mean camber
1ine. The angle of attack of a sectlon at the 7.0 radlus
corresponding to a 1lirt coefficzient of 0.5 was found to
ve only 0.27C for this deslgn. (See filg. 5.) This Indi-
cates that the section alrfoll chisracteristics Tor the
109378 blade are quite different from those of the basic
10937 blade whose section at the 0.7 radius mast operate
at 1.35° ©to attaln the design 1Lt coefficient of 0.5.
Tt 1s pealiged that the 109778 deslgn does nct represent
a true trailinc-edge extenslon in the usual sense,
ultnough a blade of this type could be manufactured and
then its traillng edge cut off to give the required
sclidity. The results of the tezts on thls vlade are

presented mainly because ni academlec Iinterest.

propeller 109376-modifled was made by simply cuttlng
off the 4O-percent tralling-edge extension on the
109376 blades to form & 20-percent extenslon. Thls gave
the 109376-modlfied blades the same amount of trailing-
edge extension as thne 109378 blades, and a comparison of
the two designs with equal chord lengths could be made.
the angle of extension of the 1093 75-modifled blade was
{he same as for the 109376 blads, and the argle of attack
of a sectlon at the 0.7 radius correspending to & 11f¢
coefficient of 0.5 was apvroximately the same as for the
109376 blade. This is in agrcement with the analysls In
refercnco 1, whore 1t was found that the angle of exten-
sion necsssary to maintaln the sume design 1ift coef{l-
cient ss the basic airfoil was approximately the same
for both the 20- and the i 0-percernt extensicns.

The following table summarizes the distinguishing
features of the blade designs just descrlbed:

%
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T th of ' Angle of a at 0.7 radius corre-
Blade l Type of wengsn ol excension |sponding to a ¢, of 0.5
desipgn 'ex%ension cxtenslion, | 4 0.7 radius |(calculated, see“fiz, 5)
no., ] percent chord; (deg) (deg)
‘ —
10927 | NWone  |--emmmmememo e 1.35
Y -
8109376 | . , ] )
’ Straight 0 . 2.26
originul); & b 545
10975'76 1 - £y e 7 - r~.8
S ) 3 ,_J.1 CJ O 1.C
(£inal) , Straigne L 5
109378 ;‘ Combered 20 e | .27
109376= | o > | .5 .22
i hd raizht! 20 ; . 1.22
modified ! Straigh 1 1 2
a
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TESTS

Thrust, torque, and rotatiornal speed were measured
for ecch of the four propcllers during tests at blade
englec of 200, 25°, 30¢, 35°, LOC, 459, 500, and 55° at
tne three-quarter (I15-inch) radius. A constant rota-
tional speed was useg for each test, and & range of
advance ratlo J =;£5> was covered by changing the
tunnel airspeed, which was varied from about 60 to
L6O miles per hcur. A rotatlonal speed of 1800 rpm was
used for tests et vlade angles of 209, 259, 309, and 359;
1300 rpm for olade angles cf L0%, 45°, and 50° (one test
was nade of propeller 109374 at a blade angle of 40° and
1800 rpm): and 1000 rpm for a blede angle of 550. At
the hianer blade angles the dynemomcter would not deliver
sufficlent toraue Lo cover the comniete range of advance
ratio at the higher rotational spesds, and for thls
reason the lower rotatlonal speeds were used for the
higher Llade angles. The single tost at a blade angle
of 11G° and 130G rpm for propeller 10637 was possible
because +this srcpeller had no tralling-edpe extension and
absorbed less power than the other propellers. Addi-
t1Anel tests were made at a conshant rotational speed of
1000 rpm for all »lzde angles in an attempt to obtailn
proneller charucteristics in the range of sadvance ratio
weil below that for peazr efficlenzy. At this rctaticnal
speed the dynamemeter could deliver sufflcient torque to
obtain dats at fairly low values of advauce ratio. Al
the higher rotatinnal speeds the resultant tip speeds
ob%ained simulate actual flight conditlons, and the
variation of alr-stream Lech numbeyr with advance ratio
13 representative »f fu'l-scale conctant-spsed propeller
oneration.

REDUCTICHN COF DATA

The test resulte corrected for tunnel-wall inter-
ference end splnner force are presentad in the form of
the usual thrust and power coeificlents end propeller
efficiency. The symbols and definitlons used throughout
this report are az follows:

D precsure difference between a polnt on the .airfolil
surface and staiic nregesure in the undlsturbted
stream, pounds per sjuare foot



L-582

MR No. I5G10

»/q

M

1

It

6]

™

o T

9

dynamic pressure (%pv2>, pounds per csquare foot

pressure coeflficlent

air-stream lach nunben

helical tip Mach number
afrspeed, feet pe . gecond
propellier rotational speed, rps
prepeller dicmeter, fect

propeller advance ratio (V,/nD)

mees density of air, slugs per cubic foot

preopeller thrust, pounds

. ) ) ],
thrust coelficlent (T/oneni)

power absorbed by the nropeller, foot-pounds per

sscond

pover noefficient (P/pn3D5)

)

|Q

propaller efticicney J

Q

1ift coefficient

angle of attack, degrces

speed-power coefficient

frection of propeller tip radius
blade angle, degrees
blede section maximum thicimness

blade width, chora
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Definition of propeller thrust.- Propeller thrust,
as used in this report, is defined as the shaft tension
cavsed by the splrner to tip portion of tne blades
rotating in the air stream. The indicated propeller
thrust has been corrected hy the amount of the tare
thrust found in operatingz the dynamometer and spinner
wlthout propeller blades at the same values of rotational
speed and alrspsed as were used in the proneller tests.

4 further correction was made for the fictitious thrust
due to the influerce of the pressure field of the pro-
peller actlng at the Jurctwwe between the spinner and the
stationary falring. The change 1in spinner thrust due to
a change In prassure at the spinner-fairing juncturec
veried with propeller cneratling conditions and was deter-
mined from pressurs me- surements in the juncture between
the propeller spinner and the fairing at the rear of the
propeller. Values of thrusi coefficient were changed by
ne more than 0.005 by this ccrrection to the spinner
thrust.

Correction for wind-tunnel-wall Interference.- The
flow pest the propeller 1is constreined by the walls of
the turnel, and the axial velocity which occurs in front
of the propeller in the wind tunncl differs from that
whiech weuld occur in free wlr when the propeller 1s pro-
ducing the same thrust and torgqué at the same rate of
rotatior. as used 1n She wind tunnel. A correction must
be anpliied to the tunrel datum veloclty to cobtaln the
corresyonding free-strean airspsed. Glauert, in refer-
ence 5, has made an analysis in which he shows this cor-
rectlon to be a function ol the ratio of propeller thrust
to dynamic »ressure, or ratlio of thrust coetficient to
nominal advance ratio. Thie correction, whiich was used
for tlie data obtained in these tests, smoanted to less
than % percent for most of the data and to less than

1 percent for data in the reglon of pesk efflclerncy.

RESULTS AMD DISCUSSION

Fairad curves of thrust coelflclient, power coefli-
cient, and propeliler e llcliency ylotced agalnst advance
ratio are presented in figures IL through 25 for the four
propellers tested. Test points are shown on the figures
glving thrust and power coefficients. Several tests were
repeated during the test program and the results were
found to agree within 1 percent. Comparative data in

&£
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figures 1L through 25, therefore, are presented as
accurate to within 1 percent.

The resulte of the tcsts made at a constant rota-
tional speed of 1000 rpm were not consistent, especilally
in the range of advance ratio for pesk erficiency. This
inaccuracy was due 5o a mechanical difficulty with the
dynanomster and will be eliminated in future »nropeller

€sts. Nnly a portion of the data obtained at this lower
rotational speed is presented in figures 26, 27, 23, and
29 to show the region of stalled flutter for the four
propelilsrs tested., The fiuvtter was detected by sound and
occurred vwhen the blades were operating in a stalled
condition.

Figrwe 20 1s included to show the variation of air-
gtrcam Mach number and helical tip Iach nvmber with
advance ratio for the different rotational speeds used

in the tects,.

The effect of rotationsl speed on propeller chrrec-

teristics . 4 differuhce in The slope oF Both The thrust -
end powzr-coefficient curves ot the different test rots -
tlonsl speeds is shown in figures 1) to ?5. This dif-
ference in slope mry be ottributed to » chenge in the
eirfoil chrrocteristics of the bl~de sections with change
in Reynolds number or, more likely, Mach number; however,
the values of perk efficiency were little sffected ~t
Mech nunbers below the criticel, Charscteristic curves
of propeller 10937 at 1800 »nd 1300 rpm and a blede
engle of 400 »re compsred in figures 14, 15, and 16, 1In
the renge of ndvence rvetio of the test »t the higher
rotation~1l speed the helical tip Mach number varied

from 0,94 to 1.0, and the loss in efficlency shown in
flzure 15 mey be sttributed to compressibility effects,
The decrerse in the velue of sdvence ratio for zero
thrust ~nd power coefficients shown in the test at the
higher rotetionel speed 1s not readily expleined, Dreg
veriation ¢lone cennct -ccount for the elfect, becouse
drsg curve varistion would tend to have the opposite
effeets on thrust- sné powver -coefficient velues, A
voristion of the ~ngle for zero 1ift of the bl-de sections,

or perhaps some Rovholds number effect, is indicated,

To> 1illustrete the effect of Moch number on the gir-
foll chrracteristics of the 109374 propeller, Lock!s
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simplified inverse method for calculating airfoil charac-
teristics from propeller data (reference 6) was used to
determine the varistion of 1ift coefrliclent with angle

of attack for two rotational speeds ured in the tests.
Pigure 31 shows that the slope of the 1ift curve increases
with an increase in rotationsl speed, and the trend of
the data shown ceomparcss favorably with airfcil data for
1€-s3ries scctions reported in vefercnce 7. The 11ft
coeflicient curves shown in fisure 31 are not presented
for uze as alrfoil data, but for purposes of illustration
only. The varlation of helical tip HMach nurber with
ancle of attack is also sanwn in flgare 31 for the two
rctaticnal speadc.

™e eflect of trailing-edze extensions on maximum
efficiency and power coefficlent for mexlmum efriciency.-
A coupsrison of the envelope curves of propeller effi-
ciency shown in figure %2 indicates that the trailing-
edgs extensions csuscd only small changes Iin propeller
efficienzy. Thae LO-percent stralght-iype tralling-edge
extenslion on propeller 10937C caused very little change
in efficiency over most of the range of advance ratio
except the lower valnes where the loss was about

Z% percent., Propeller 109376 with the original tralling-

edgs extensicn cut to form a Z0-percent extension
(1093 7e-modified) is aboubt 1 percentv nors gfflcient over
pert of the range of advance ratic than propeller 10937h
with nc trailing-edge extension. This indicatzd increass
in efficlency, however, is within the experimentul error.
Propeller 109378 with the Z0-percent cambered-type

Sy e . 1 1
trailing-edge extenslon is 15 to 25 percent less efficlent
over mcst of the range of advance ratic tharn pro-

peller 109%7h with no tralling-cdge extenslon. Thls loss
in elficlency becomes less es the advence ratio Increases.

Llso in figure 72 ars curves suowing the power coef-
ficient for maxirmum efficiency for the four propellors
tested. These curves indicats that for a relatively
larse insrease in power coefflcient due to the tralling-
edge extension there is only a small decrocase in pro-
peller efficizncy, and perhape an Increase in efficiency
at the higher values of advance ratlo for the
109375-modified propelle». In figure 33 the increasc 1n
power coefficient for raxirum efficloney caused by the
Z0-percent straight-tyre trailing-edge extension
(1093 76-modifled) is compared with the Increase caused
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by the 20-pcrcent cambered-type of extension (105378).
The cambered type of extension increased the power coef-
flcient for maximum efficiency considerably more than
the straight type of extension over the range of advance
ratio from 1.0 to 2.5. However, the propeller with the
20-percent cambered type of extension was from 1 to

5 percent lcess efficient than the propeller with the
20-percent straight type of extension over this range of
advance ratic. The difference in power absorption
qualities of the two oopellers with 20-percent trailing-
edge extensions mey be attributed to the difference in
alrfoll characteristics of the bicde sections.

Filpure 2l shows the elfect of the amount of
trelling-edge extension on the increase in pewer coeffi-
clent fer maximum efficiency cauzed by the straight type
of extenslon on propcllers 109376 and 1.09376-modified.
The percent increase in power coecflicient is almost equal
to the percent extension at an advance ratio of 1.0. At
values of advance ratio greater than 1.0 the increase in
power coefficient becomes smaller; and at values less
chen 1.0, or in the take-off range, the percent incrcase
in power coefficient is greater than the percent extension.

Constant power propeller operation.- Flgure 35 shows

& couparison of the power coefficients for the “our pro-
pellers tested. Recause the propellers have widely aif-
ferent power absorption quaiities, as shown in figure 35,
ard because an alrplane propeller often operatzss over an
extensive rangs of advence ratio at constant rotutional
speed and torqus, the data were analyzed at several 4if-
ferent values of constant power coefricient end censtant
rotational srecd. The results of this analysis, presented
in figure 36, provide & better comparison of the effect

f the tralling-sdgs extensicns on efricicncy. 1In the
raenge of advance ratio of the tests the trailing-edge
extensions caused only small changes in efficlency except
at high advarce ratios and a very low value of constant
power coefficlent. oy a crulsing or high-speed condi-
tion of operation at a high power coalficient (constant
power coefficisnt of 0.2, constant rotationsl spced of
17200 rpm, and range of advance ratio from 1.7 to 2.8)

the eflficlency of the propellers with tralling-edge
¢xtensions wes abeout the same or perhaps greater than

the efficlicency of the propeller without an extension.
Although the range of advance ratio of ths tests 1is
limited, the trend of the data in fizure 36 indicates
tliat as the power coefficicnt inereases the loss in
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efficiency caused by the tralling-edge extenslons becones
less; and at low values of advance ratio there will
perhaps be a gain in efficiency for high power coeffi-
cienta. A prop3ller wi.ose solidity has been increased
by extending the trailing edge will perhaps be more effi-
clent for the take-off and climb conditicns of operatlon,
perticularly for high power coefficisnts. This cffect

of solidity I1s borne out by ihe tests reported in refer-
ence &. 7Tased on equal power abscrption and constant
rotatioral speed, propcller 109376-modified with the
20-percert straight-type extension was more efflclent

for a high-speed conditlon of operation than pro-

peller 109378 with the 20-perceat cembered-type extension,
or propeller 109376 with the LO-percent straight-type
extension.

Speed-nower ccefficlent charts.- Comparison of the
propellers on the basls of Cg may be more pracitical
frcom the viewpoint of & deslgner because this coefficient
represents the anctunal deslgn conditions of powsre, rota-
tional speed, and airspeed. I[or thils reason the design
charts in figurec 37, 30, 39, and L0 are included. Also,
the composiie skeleton Cg chart in figure i1 1s pre-
sented to serve as an ald in the selection of a prope ler
for a narticular deslgn conditlon. In figure l}1 the
ernvelopes of the efficiency curvees ware taken from
figures 37 to 1.0, inclusive, and comparicon shiows that the
order of merit for the four propellers is the same when
hased or sneed-pover coefficient as when based on advance
ratio. The curves in Tlgure 41 give the propeller effi-
ciency for any glven set of design counditions, that is,
alrspeed, engine power, propeller rotational speed, and
alr denslty.

CONCLUSIOUNS

tgh-speed tunnel tests of four, full-scale, two-
blade propeilers to determine tae eflect of traillng-edge
extensicns or propeller usrodynanic characteristics in a
range of helical tip Mach numbsrs velow the critical lead

0 the following conclusions:

1. Extension of the trailing edge of a propeller
blade greatiy increases the power absorption qualities
of the propeller with littlie loss in cofficlency.
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2. A 20-percent canmbered tyne of extension increased
thie power coefficient for maximunm efficiency considerably
more then a 20-percent straight type of extension over
the range of advance ratio from 1.C to 2.5. However, the
propeller with the 20-percent cambered type of extension

s from 1 to 3 percent less efficient than the prcpelier
with the 20-percent straight type of extension over this
rarge of advance ratio.

‘ 5. Straight-type trailing-edge extensions of 20 and
40 percent (ungle of extension = 6,5° at the 0.7 radius)
Increased the power coefficient for maximum efficiency
an amount aimost equal to the percent extension at an
advance ratio of 1.0. 4t valnes of advance ratio greater
than 1.0 the increcase in power coelficient becomes
smaller; and et values less than 1.0, or in the take-off
range, the percent inscrease in power coefficient is
greater than the percent extcnsion.

I, Baszd on equali pcwer absorption and constant
rotational speed, the efficiency of the propellers with
trailing-edge extensions was aboub the same op perhaps
greater than the effis’ency of the propeller without an
extenslon for a cruisliug or & high-speed condition of
opeération at a high power coeffinient.

5. Based on equal power sbsorption and constant
rotetional speed, proneller 109376-modified with the
20-percent straight-type extension was more eff'icient
for a cruising or a high-speed condition of operatlion
than oropeller 109378 with the 20-percent cambered-type
extension, or propeller 109376 with the L O-percent
straight-tync extension.

Langley Memorial Leronsutical Lavoratory
Naotlonal Advisory Commaittes for Aercnautics
Langley Fileld, Va.
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Figure 1.- Propeller dynamometer in test section, blades with no trailing
tunnel open,
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Figure 2.- Propeller dynamometer in test section, 40-percent trailing-
edge extension blades.
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Figure 6.- Propeller blades 109374 (no trailing-edge extension) -
thrust face (lower surface).
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Figure 7.~ Propeller blades 109374 (no trailing-edge extension) -
cambered face (upper surface).
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Figure 8.- Propeller blades 109376 (40-percent trailing-edge
extension) - thrust face (lower surface).
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Figure 9.- Propeller blades 109376 (40-percent trailing-edge
extension) - cambered face (upper surface)






L-582

MR No. L5G10

Figure 10.- Propeller blades 109378 (20 -percent trailing-edge
extension) - thrust face (lower surface).
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Figure 11.- Propeller blades 109378 (20-percent trailing-edge
extension) - cambered face (upper surface),
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Figure 12.- Propeller blades 109376-modified (original 40 -percent
trailing-edge extension cut to form a 20-percent extension) -

thrust face (lower surface).
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Figure 13.- Propeller blades 109376-modified (original 40-percent
trailing-edge extension cut to form a 20 -percent extension) -
cambered face (upper surface).
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Figure 15 —Variation of power coefficient
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Figure 16 —Variation of propéller efficiency with advence ratio, propeller 109374, no trailing-edge extension.
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Figure 17 —Variation of thrust coefficient with advance ratio, propeller 109376, 40percent frailing edge extension.
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Figure 18 —Variation of power coefficient with advance ratio, propeller 109376, 40 percent Irailing edge extension.
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Figure 19 .—Variation of propeller efficiency with advance ratio, propéller 109376, 40% trailing edge extension.
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Figure 22 —Variation of prapeller efficiency with advance ratio, propeller 109378, 20 percent trailing edge extension.
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Figure 24 — Variation of power coefficient with advonce ratio, propeller 109376-modified, original trailing edge
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Figure 32 — Envelope curves of propeller efficiency and power coefficient for maximum
efficiency for the four propellers tested.
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